Objective: To determine associations between lipid profiles in early pregnancy stratified by body mass index (BMI) and risk of developing gestational diabetes mellitus (GDM). Study Design: A total of 2488 healthy pregnant women were enrolled prospectively. Fasting plasma lipid profiles were measured at mean 11 weeks of gestation including triglycerides (TGs), total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and cholesterol (CHO). We assessed early pregnancy maternal lipid concentrations in different tertiles in association with the risk of GDM stratified for BMI. Multivariable logistic regression analyses were used to estimate the relative risk of GDM by calculating odds ratios and 95% confidence intervals (CIs). Results: In univariate analyses, pregnant women with GDM had significantly increased serum TG, CHO, LDL concentrations, LDL/HDL ratio, and decreased LDL concentrations, compared to control groups, each P < .01, respectively. After adjustment for confounders, there was a 1.8-fold increase in risk for GDM in the lean group (95% CI: 1.2-2.7) and 2.7-fold increase in the obese group (95% CI: 1.1-6.6), respectively, if TG 1.58 mmol/L. About a 50% decrease in the risk of GDM was observed in lean women with HDL 2.22 mmol/L (95% CI: 0.3-0.9). No significant correlations of other lipid profiles with the risk of developing GDM were observed. Conclusion: Early pregnancy dyslipidemia is associated with the risk of developing GDM. Lean or obese women with higher TG concentrations are at an increased risk for developing GDM while lean women with high HDL are protected.
Introduction
There is abundant evidence that gestational diabetes mellitus (GDM) has various adverse effects on maternal and infant outcomes, including increased risk of developing preeclampsia, fetal death, macrosomia, shoulder dystocia, perinatal hypoglycemia, and respiratory distress. 1, 2 Moreover, women with GDM are at increased risk of type 2 diabetes, hypertension, and cardiovascular disease later in life. 3 So far, although the etiology of GDM is still unclear, it is thought to share similar pathophysiology with type 2 diabetes, which includes insulin resistance and deficient insulin secretion due to failure of pancreatic b cells. 4, 5 Some studies show that patients with insulin resistance and type 2 diabetes tend to have lipid and lipoprotein abnormalities, including elevated triglycerides (TGs), lower high-density lipoproteins (HDLs), and higher small dense low-density lipoproteins (LDLs). These 3 abnormalities constitute the so-called lipid triad or ''atherogenic lipoprotein phenotype''. 6 A few studies have been carried out to assess associations of lipid profiles in early pregnancy with subsequent risk of GDM. 3, 7, 8 However, the results are inconsistent.
Maternal obesity is one of the important high risk factors of GDM that is well known. Moreover, maternal prepregnancy body mass index (pBMI) could affect lipid metabolism and plasma levels. 9 However, so far few studies have been conducted to assess effects of early pregnancy maternal lipid concentrations stratified for BMI on developing GDM.
The aims of the study were to examine the relationship between serum lipid (maternal TG, TC, HDL, LDL, and HDL/LDL ratios) levels in early pregnancy in pregnant women with different BMI ranges and the risk of GDM.
Materials and Methods
A prospective cohort study was performed in the Department of Obstetrics, Beijing Obstetrics and Gynecology Hospital, Capital Medical University, one of the tertiary specialized hospitals in Obstetrics and Gynecology. The study protocol was approved by the ethics board of the hospital. All participants provided written informed consent during the initial enrollment.
Study Participants
Pregnant women were recruited for the study at their first prenatal visit between January 2013 and April 2013. Eligibility criteria included a gestational age between 6 and 15 weeks, age 18 years, a singleton pregnancy, and existence of a complete maternal and infant information record including maternal age, parity, gravity, education, height, pBMI weight, medical histories, disease histories of first-degree family members, and pregnancy outcomes. Exclusion criteria were as follows: the pregnant woman did not plan to deliver at our hospital, gestational age of 16 or more weeks, patient has prediabetes, diabetes, dyslipidemia, hypertension, or thyroid disorder, age < 18 or 45 years, or patient had no complete maternal and infant record. A total of 3022 pregnant women received a serum lipid test during their first visit, and the data of 2488 women who met the above-mentioned eligibility criteria were enrolled for analysis. To determine impacts of pBMI on the occurrence of GDM in this prospective study, we divided all participants into 2 groups (obese group: BMI 24 kg/kg 2 and lean group: BMI < 24 kg/kg 2 ) stratified for BMI and estimated the risk of GDM in lean or obese women with different tertiles of lipid concentration.
Laboratory Analyses
Fasting blood lipid concentrations (more than 10 hours) were measured between 6 and 15 weeks of gestation (11.7 weeks on average). Participants did not need to undergo additional blood drawings for lipid tests because maternal lipid measurements had been one of routine test markers during their first prenatal visits in this hospital since 2011. Maternal TG and cholesterol (CHO) concentrations were determined using end-point colorimetric method by clinical chemistry analyzer (Beckman Coulter China, Inc. SuZhou, Jiangsu Province). The coefficients of variation for TG and CHO were < 5%, respectively. High-density lipoprotein and LDL were tested by direct assay method (Prodia Diagnostics German, Botzingen). Analytical interassay coefficients of variation for LDL and HDL were < 3%, respectively.
Definition
Body mass index was calculated as the weight (in kg) divided by the square of the height (in m 2 ). Four groups were categorized based on the criterion recommended by the Group of China Obesity Task Force of the Chinese Ministry of Health, with the following definitions 10 : underweight (BMI < 18.5), normal weight (BMI 18.5-23.9), overweight (BMI 24-27.9), and obese (BMI 28). Education level grading was based on the number of school years and was divided into 3 groups: high (> 16), medium (10-16 years), and low ( 9 years). A 75-g oral glucose tolerance test (OGTT) was carried out at 24 to 28 weeks of gestation in women not previously diagnosed with overt diabetes. A diagnosis of GDM was made when any one of the following values was met or exceeded in the 75-g OGTT according to American Diabetes Association (ADA) criteria 11 : 0 hour (fasting), 5.1 mmol/L; 1 hour, 10.0 mmol/L; and 2 hour, 8.5 mmol/L according to ADA criteria.
Statistical Analysis
Statistical analyses were performed using SPSS package version 18.0 (SPSS Inc, Chicago, Illinois). Descriptive information was reported as mean + standard deviation for continuous variables. Categorical variables were presented as numbers and percentages and tested with chi-square tests or Fisher exact tests (if the variable contained less than 5 measurements). The distributions of maternal TG, total cholesterol, LDL, HDL, and HDL/ LDL were normalized by examination. Demographic variables (age, gravidity, parity, gestational weeks, pBMI, and maternal lipid profiles) were analyzed using the Student's t test between 2 groups. Analysis of variance was used to detect the difference between multiple groups followed. To evaluate the associations of maternal lipid concentrations in different BMI ranges with risk of GDM, we calculated different tertiles of the lipid concentrations according to the entire eligible data. We estimated the relative risk of GDM by calculating odds ratios (ORs) and 95% confidence intervals (CIs) in the multivariable logistic regression analyses. In multivariable logistic regression analyses, we adjusted for ages (< 35, 35), gravidity (< 2, 2), nulliparity (yes, no), first-degree family history of type 2 diabetes (yes, no), BMI (< 24, 24), and education level (< 16, 16) for ORs. A P value < .05 was considered statistically significant. Table 1 showed that GDM women were older, less educated, and had higher gravidity, parity, pBMI, and gestational age at delivery compared with controls. No significant difference was noted between GDM women and controls regarding mean birth weight. Table 2 demonstrated associations of the unadjusted lipid concentrations with the risk of GDM. Pregnant women with GDM had significantly increased serum TG, CHO, LDL concentrations, LDL/HDL ratios, and decreased LDL concentrations compared to control groups, P < .01 for each. Figure 1 displayed maternal lipid levels with different BMI classes in study participants. Maternal TG, LDL concentrations, and LDL/HDL ratios were significantly increased with increasing pBMI, P < .01. However, HDL concentrations were significantly decreased with elevated BMI, P < .01. Maternal CHO concentrations in the overweight group (BMI 24-27.9)
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were lower compared to the low-weight group (BMI < 18.5), but the highest CHO concentrations were detected in the highest BMI group, P < .05. Table 3 showed early pregnancy maternal lipid profiles in different tertiles in association with the risk of GDM stratified for BMI. After adjusting for confounders, we found a 1.8-fold in the lean group (BMI < 24) and 2.7-fold increase in the obese group (BMI 24) in the risk of GDM and, respectively, if TG 1.58 mmol/L (upper tertile), as compared to peers with the same BMI range whose TG concentrations were < 0.87 mmol/L (lower tertile). As for CHO, after adjusting for potential confounders, lean women in the highest tertile ( 5.07mmol/L) had a 1.7-fold increase in the risk of GDM as compared with the corresponding lean women in the lowest tertile, 95% CI: 0.97-3.12. However, the risk of GDM was not different between different tertiles of CHO concentrations in the obese group. Odds ratio for GDM was decreased across increasing tertiles of HDL concentration in the lean group. Lean women in the upper tertile ( 2.22 mmol/L) had an almost 50% decreased risk of GDM as compared with lean women in the lower tertile (95% CI: 0.32-0.93). We examined the risk of GDM in relation to maternal LDL/HDL ratio. We noted that the GDM risk increased as the ratio increased in both the lean and obese groups. Women with the highest ratio values (upper tertile 1.37) experienced a 1.9-fold and 2.3-fold increased risk of GDM in the lean and obese groups, respectively (95% CI: 1.31-2.69; 95% CI: 1.08-4.84, respectively) compared with women whose ratio values were < 0.85 (lower tertile). However, the association was attenuated considerably after adjusting for confounders (OR 1.01, 95% CI: 0.52-1.96; OR 2.4, 95% CI: 0.67-8.63, respectively) for the lean and obese groups. No significant associations were noted between the other lipids and the risk of developing GDM after adjustment for confounding factors.
Discussion
The present study showed that women who developed GDM had significantly increased TG, CHO, LDL concentrations, LDL/HDL ratios, and decreased HDL concentrations in early pregnancy, compared to controls in univariate analyses. After adjusting for potential confounders, we found that lean or obese women with higher TG concentrations were at an increased risk of developing GDM while lean women with high HDL were protected. Similar to our results, the study by Savvidou et al found women who developed GDM had higher TG, CHO, LDL levels, and lower levels of HDL in univariate analyses. However, only low HDL levels among lipid profiles were identified as significant independent predictors of GDM in stepwise analyses (P .015). 12 Bower et al 13 noted a high-TG and low-HDL pattern in women with GDM. The investigators thought it was reasonable due to the inverse association between HDL and TG. Emet et al did not observe positive associations between GDM and any lipid profile changes, but in patients with glucose intolerance, decreased CHO and LDL concentrations and increased TG concentrations were detected. 7 With regard to each lipid marker, some studies from casecontrol studies 13, 14 or prospective studies 3, 12, 15, 16 suggested associations between higher TG concentrations and increased GDM risk, but other studies had different findings. 7, [17] [18] [19] [20] Maternal CHO levels were found either unchanged in the first trimester 7, [17] [18] [19] or higher. 12, 16 Maternal LDL concentrations were also reported to be unchanged 7, 18 or increased. 12, 16 Rizzo et al 20 did not find any differences in the concentration of any of the plasma lipids between GDM women and controls but detected significantly increased levels of small-size dense LDL particles in GDM women. Meanwhile, HDL was shown to be lower, 12 unchanged, 7 or even higher. 17 After we performed subgroup analyses stratified for BMI, we found that strong associations of increased maternal TG with the risk of developing GDM still remained in each subgroup (both obese and lean groups), independent of their pBMI. It implicated that special attention should be paid by health care providers to women with higher TG concentrations regardless of whether they are lean or obese. In addition, a trend toward increasing incidence of GDM was only noted in lean women with elevated CHO concentrations and not in obese women. It seems to suggest that maternal CHO concentrations play varied roles on the occurrence of GDM in different pBMI classes, and higher CHO by itself does not increase the risk of GDM in obese women. Notably, the protective effects of high HDL concentrations on GDM were seen only in lean women. Interestingly, we observed a trend toward the increased incidence of GDM at elevated tertiles of HDL concentrations in obese women. The mechanisms by which obesity partially offsets the protective effects of HDL on GDM are unclear.
Conflicts in findings among the studies mentioned earlier may be due to a variety of reasons, including study design, sample size, confounders, variations in population characteristics, and diagnosis criteria of GDM. For instance, in this study, we adopted the latest ADA criteria for GDM which had by far the lowest diagnosis cut-offs. 11 To our knowledge, this is the only study in the literature to perform joint analysis of effects of maternal BMI and lipid profile on the occurrence of GDM. Our prospective study was unique in its design. First, to exclude possible effects of pBMI on GDM risk, maternal lipid profiles in association with adjusted risks of GDM stratified for BMI were determined. Second, we adjusted for a great number of potential confounders in multiple logistic regression analysis. Third, we had adequate numbers of patients with GDM and controls to evaluate a statistically significant difference. Fourth, blood samples were tested at 11 weeks of gestation on average, which is an earlier record in previous prospective studies. Moreover, maternal lipid concentrations were determined by testing morning fasting blood samples and were measured 1 to 2 hours after the blood was drawn, which was different from previous studies. 3 This not only avoided concerns regarding possible effects of nonfasting condition on lipid concentrations, but it alleviated issues regarding storage and thawing effects.
Nevertheless, our study had some potential limitations. Although we adjusted for various potential confounders, we cannot exclude the possible impacts of other unmeasured covariates such as dietary factors, settlements, genotype, and race on lipid profiles since we did not collect these data in this study. Moreover, maternal pBMI was self-reported. Earlier studies showed that heavier women have a tendency to underreported their weight and underestimate their BMI. 21 Self-reporting may have led us to misclassify some overweight/obese women as normal women, but the same underreporting would have appeared equally in controls.
So far, the mechanisms for associations between early pregnancy maternal dyslipidemia and GDM risk are unknown. Some investigators have hypothesized a few possible etiologies to explain these associations.
The TG concentrations were negatively correlated with LDL size, 13 and small dense LDL particles are reported to be more susceptible to lipid oxidation than larger particles. 22 Therefore, some researchers postulated that oxidative stress, secondary to dyslipidemia, may ultimately cause decreased insulin gene expression and impairment of insulin secretion. 23 Some studies have also suggested that chronic hyperglycemia may impair b-cell function and cause b-cell apoptosis. [24] [25] [26] [27] Kelley and Goodpasture assumed that excess TG storage, particularly in skeletal muscles, may lead to increased insulin resistance. 28 Several studies implicate that CHO metabolism/lipoprotein fractions may play key roles in the progression of b-cell failure. It is likely that these effects are mediated by c-Jun N-terminal kinase and caspase-3 pathways. 29 Some investigators assumed that dyslipidemia, which leads to increased TG and small density LDL, may contribute to the elevated oxidative stress and endothelial failure that occurs in preeclampsia and also insulin resistance. 30 Endothelial dysfunction is the most accepted theory for the etiology of preeclampsia that is possibly associated with metabolic syndrome. Our findings regarding correlations of dyslipidemia with the risk of developing GDM risk further support the theory that relates GDM to metabolic syndrome.
Maternal lipid concentrations in the first trimester are concordant with nonpregnant women and are significantly different from nonpregnant levels mainly beginning from 12 weeks of gestation. 31 Further studies are needed to determine whether interventions for dyslipidemia prior to pregnancy or in early pregnancy are helpful to prevent GDM.
